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Background: Malnutrition is common in complex congenital heart disease (CCHD).

The purpose of this study was to compare the safety and efficacy of early initiation of

high-energy enteral nutrition (EN) with regular energy EN in infants after surgery for CCHD.

Methods: This is a subgroup analysis of a randomized controlled trial (RCT) which was

conducted in the cardiac intensive care unit (CICU) of the largest pediatric heart center

in China. Eighty children with CCHD after surgery were from two groups, the intervention

group (n = 40) was given high-energy EN and the control group (n = 40) was given

regular energy EN. We analyzed the effects of the two interventions on outcomes such

as caloric attainment rate, gastrointestinal intolerance, duration of mechanical ventilation,

and anthropometry at discharge.

Results: There was no difference in the daily milk intake between the two groups, but the

calorie intake (50.2 vs. 33.4, P< 0.001), protein intake (1.1 vs. 0.9, P< 0.001) and caloric

attainment rate were higher in the intervention group (77.5 vs. 45.0%, P = 0.003). In

addition, the incidence of pneumonia (P = 0.003) and duration of mechanical ventilation

(P = 0.008) were less in the intervention group, and biceps circumference and triceps

skinfold thickness at hospital discharge were greater than those in the control group (P<

0.001). We have not found statistical differences in gastrointestinal intolerance, glycemic

fluctuations, incidence of pressure ulcers, length of CICU stay and postoperative hospital

days between the two groups.

Conclusions: Early initiation of high-energy EN may be safe and effective in infants after

complex cardiac surgery. Low doses high-energy EN did not increase gastrointestinal

intolerance or glycemic fluctuations and also improved post-operative nutrition by

increasing caloric and protein intake without increasing fluid intake.
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INTRODUCTION

Congenital heart disease (CHD) is commonly defined as structural abnormalities of the heart
and/or great vessels at birth. The increasing prevalence of CHD reported globally has made it the
most common birth defect (1, 2). With advances in surgical and perioperative care techniques,
survival rates for CHD have greatly improved, and malnutrition has become one of the main
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concerns of medical professionals. The incidence of acute and
chronic malnutrition in children with CHD can be as high as 50%
(3). Our previous survey of 3,253 children with CHD showed that
the preoperative prevalence of underweight, stunting andwasting
in children with CHD were 23.3, 23.3, and 14.3%, respectively,
rising to approximately 25% in the postoperative period (4). It is
evident that the situation of malnutrition in children with CHD is
critical and requires urgent attention frommedical professionals.

Numerous factors influence malnutrition in CHD, including
genetic problems, improper feeding, cyanotic CHD, and
pulmonary hypertension (4, 5). Surgical stress, mechanical
ventilation, and vasoactive agents during hospitalization increase
energy requirements (6), while fluid restriction, poor digestion,
and malabsorption further exacerbate malnutrition (5, 7). All
of these problems are exacerbated in critically ill children with
CHD. Malnutrition not only increases the risk of postoperative
infection, prolongs hospital stay, and increases mortality, but
even affects the long-term growth and quality of life of patients
and increases the socioeconomic burden (8–10).

Guidelines state that enteral nutrition (EN) is the best way
to deliver nutrition (11). Early initiation of EN after surgery
can reduce the duration of mechanical ventilation and ICU stay
(12). High energy density EN can balance the conflict between
fluid restriction and inadequate energy intake and reduce weight
loss in CHD patients (13). However, we do not know how
effective these regimens are in infants after open-heart surgery
for complex CHD. Therefore, we conducted a subgroup analysis
of an RCT with the aim of investigating the safety and efficacy of
high-energy EN in infants with CCHD. Our hypothesis was that
high-energy EN would not increase gastrointestinal intolerance
compared to regular energy EN and would improve outcomes
such as caloric attainment rate, nutritional outcomes and ICU
outcomes without increasing fluid intake.

MATERIALS AND METHODS

Study Design
This study is a subgroup analysis of a randomized controlled trial
with a sample size of 244 cases. The study site was the CICU of
Shanghai Children’s Medical Center, the largest pediatric heart
center in China, and the study period was from July 2016 to
July 2018. This study was approved by the Ethics Committee of
Shanghai Children’s Medical Center (SCMCIRB-K2015040) and
was registered on ClinicalTrials.gov PRS (NCT 04609358). All
guardians of the patients were informed and signed the informed
consent form.

Participants
The sample size for this subgroup analysis was 80 cases. All
children in the RCT who met the following criteria were
included: (i) age <6 months, (ii) RACHS-1 score ≥3, (iii)
post-open heart surgery for CHD, (iv) moderate or severe
malnutrition as determined by z-scores established by the World
Health Organization (WHO), including weight-for-height z-
score (WHZ), weight-for-age z-score (WAZ) or height-for-age
z-score (HAZ) <-2 (14). Exclusion criteria were as follows: (i)
children receiving total parenteral nutrition postoperatively, (ii)

combination of genetic problems such as D-george syndrome,
or diseases causing nutritional disorders such as gastrointestinal
malformations, (iii) milk protein allergy, and (iv) unwillingness
of the patient’s guardian to participate in this study.

Procedures
Before the start of the study, all physicians and nurses in the
CICU were trained to understand the purpose of this study, the
implementation process, and the management of special cases.
The patient’s condition was assessed by physicians within 6 h after
surgery, and the chief physician issued a medical prescription
for EN (including the type of milk, the amount of milk, the
frequency of feeding and the feeding method) as soon as the
condition allowed. The intervention group was given high energy
milk powder (100 kcal/100ml, protein: 2–3 g/100ml, osmotic
pressure: 281–340 mOsm/L) and the control group was given
regular energy milk powder (67–82 kcal/100ml, protein: 1.8–
2.3 g/100ml, osmotic pressure: 185–340 mOsm/L). A feeding
advancement schedule was used: initiate feeding at 1–2 ml/kg/h
for 6–24 hours after surgery and increase by 1–2 ml/kg/h per
day, if tolerated, until target energy supply prior to discharge
is achieved.

All mechanically ventilated infants were fed through a
nasogastric tube, and after extubation, if the infants could eat
through the mouth, they were changed to oral feeding. If the
infant vomited >3 times in 24 h or showed symptoms of feeding
intolerance such as positive fecal occult blood, the feeding was
suspended and the doctor in charge chose to continue feeding or
change to parenteral nutrition according to the review results.

The hospital nutrition department prepared the milk powder
according to the medical prescription and transported it to CICU
by special personnel, and then the nurses gave the infants EN
according to the prescription. All infants were provided with
formula by the hospital during the study period and did not
receive mother’s milk. The whole intervention process continued
until the patient was discharged from the hospital.

End Points
The primary outcome of this study was the caloric attainment
rate of enteral feeding during CICU. The resting energy
expenditure (REE) of infants was estimated according to the
Schofeld formula (15, 16) recommended by the European Society
of Pediatric and Neonatal Intensive Care (ESPNIC), and caloric
intake of enteral feeding of no <80% of the REE was defined as
caloric attainment rate is met.

Secondary outcomes were calorie and protein intake, duration
of mechanical ventilation, duration of ICU stay, duration of
postoperative hospital stay, pneumonia, pressure ulcers, mean
blood glucose and its fluctuations within 5 days postoperatively,
biceps circumference and triceps skinfold thickness at discharge,
and feeding-related complications (including diarrhea, fecal
occult blood). Pneumonia was defined by the presence of a new or
evolving infiltrate on chest X-ray combined with corresponding
clinical manifestations (17).

Arterial blood gases were measured every 4 h during the
infant’s postoperative stay in the CICU, so there were six blood
glucose data per day. Blood glucose fluctuations were expressed
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as the largest amplitude of glycemic excursions (LAGE), which
is the difference between the highest and lowest blood glucose
during the day (18).

Data Collection
The infants’ general demographic data, intraoperative data,
postoperative diarrhea, fecal occult blood, duration of
mechanical ventilation, blood glucose, and ICU length of
stay were obtained from the hospital information system.
Height, weight, biceps circumference, and triceps skinfold
thickness were measured by trained researchers.

The z-score of infants was calculated using WHO’s Anthro
v3.2.2 software (19). A z-score <-2 was defined as malnutrition,
including HAZ <-2 (stunting), WAZ <-2 (underweight) or
WHZ <-2 (wasting).

Statistical Analysis
All data analyses were performed using the SPSS 23.0 (IBM,
Armonk, NY, USA). Shapiro-Wilk normality test was performed
on all data. Continuous data were expressed as mean and
standard deviation or median and its quartiles, and t-test,
Mann–WhitneyU-test, repeated measures ANOVA, and analysis
of covariance were used for comparison between groups.
Categorical data were expressed as frequencies and composition
ratios, and comparisons between groups were made by Chi-
square test or Fisher’s exact probability. P < 0.05 was considered
statistically significant.

RESULTS

A total of 255 infants were recruited, 244 of whom completed
the randomized controlled trial. Of these 244 infants, 80 infants
had a RACHS-1 score ≥3 and were therefore included in this
study, 40 in the intervention and 40 in the control group. All the
patients completed the study and were successfully discharged
with no deaths. 60% of the patients in the intervention group
were male, and 75% of the patients in the control group were
male. The median RACHS-1 score in both groups was 3. The
baseline characteristics of the patients in both groups are shown
in Table 1, and the major surgical procedures and diagnosis are
shown in Supplementary Material 1.

Primary Outcome
There was no statistically significant difference in the daily milk
intake in the intervention group compared to the control group
(50.2 vs. 49.8 ml/kg/day, P = 0.881). With this in mind, the
intervention group had a statistically significant higher caloric
attainment rate of enteral feeding than the control group (77.5
vs. 45.0%, P = 0.003) (Table 2).

Secondary Outcomes
The average caloric intake (50.2 vs. 33.4 kcal/kg/day, P < 0.001)
and protein intake (1.1 vs. 0.9 g/kg/day, P = 0.011) of the
intervention group were higher than those of the control group.
There were no differences between the two groups in terms of
diarrhea or fecal occult blood. Patients in the intervention group
had a shorter duration of mechanical ventilation (35 vs. 81 h, P

TABLE 1 | Baseline characteristics of the participants.

Intervention group Control group P-Value

(n = 40) (n = 40)

Gender, male 24 (60%) 30 (75%) 0.152

Age (days) 88.5 ± 51.8 87.5 ± 46.4 0.924

Biceps circumference

(cm)

10.6 ± 1.6 10.4 ± 1.6 0.665

Triceps skinfold

thickness (mm)

7.3 ± 2.4 6.7 ± 2.4 0.302

WHZ −1.5 ± 1.8 −1.3 ± 2.0 0.654

WAZ −2.8 ± 1.1 −2.7 ± 1.1 0.705

HAZ −2.0 ± 2.0 −2.1 ± 1.6 0.712

Preoperative intubation 7 (17.5%) 8 (20.0%) 0.775

Delayed sternal closure 8 (20.0%) 9 (22.5%) 0.785

Cardiopulmonary

bypass time (min)

86.2 ± 46.2 103.4 ± 62.4 0.165

Aortic clamping time

(min)

55.0 ± 32.2 64.8 ± 38.6 0.221

RACHS-1 3 (3, 4) 3 (3, 4) 0.869

Data are n (%), mean ± SD or median (P25, P75), unless otherwise specified.

WHZ, weight for height z-score; WAZ, weight for age z-score; HAZ, height for age z-score;

RACHS-1, risk adjustment for congenital heart surgery 1 score; SD, standard deviation.

TABLE 2 | Feeding related outcomes and clinical outcomes.

Intervention group Control group P-Value

(n = 40) (n = 40)

Primary outcome

Caloric attainment rate 31 (77.5%) 18 (45.0%) 0.003

Secondary outcomes

Milk intake

(ml/kg/day)

50.2 ± 12.5 49.8 ± 11.3 0.881

Average calorie intake

(kcal/kg/day)

50.2 ± 12.5 33.4 ± 7.6 <0.001

Average protein intake

(g/kg/day)

1.1 ± 0.4 0.9 ± 0.2 0.011

Diarrhea 4 (10.0%) 2 (5%) 0.675

Fecal occult blood 1 (2.5%) 5 (12.5%) 0.201

Mechanical ventilation

(h)

35.0 (14.9, 88.0) 81.0 (34.7, 136.3) 0.008

ICU stay (day) 7.0 (4.3, 8.8) 7.0 (5.3, 11.5) 0.263

Hospital stay after

operation (day)

13.5 (10.3, 19.8) 15.0 (10.0,19.0) 0.579

Pneumonia 1 (2.5%) 10 (25.0%) 0.003

Pressure ulcer 2 (5.0%) 5 (12.5%) 0.432

Chylothorax 5 (12.5%) 5 (12.5%) 1.000

Data are n (%), mean ± SD or median (P25, P75), unless otherwise specified.

ICU, intensive care unit; SD, standard deviation.

= 0.008) and a lower incidence of pneumonia (2.5 vs. 25%, P
= 0.003) than the control group as shown in Table 2. Adjusted
means showed that biceps circumference (10.7 vs. 9.7 cm), triceps
skinfold thickness (7.2 vs. 5.9mm) were greater in the trial
group than in the control group at discharge, with statistically
significant differences (all P-values were <0.001; Table 3)
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TABLE 3 | Anthropometry at discharge.

Intervention group Control group P-Value

(n = 40) (n = 40)

Biceps circumference

(cm)

10.7 (10.5, 11.0) 9.7 (9.4, 9.9) <0.001

Triceps skinfold

thickness (mm)

7.2 (6.9, 7.4) 5.9 (5.6, 6.1) <0.001

Data were adjusted according to preoperative data, and were expressed by means

(95% CI).

FIGURE 1 | Postoperative mean blood glucose between the two groups.

MBG, mean blood glucose.

Analysis of variance showed that there was no statistical
difference in the mean blood glucose between the two groups (F
= 2.099, P = 0.153). Time had an effect on mean blood glucose
in the postoperative period, with the mean blood glucose in the
intervention group showing a tendency to first decrease and then
gradually stabilize within 5 days after surgery, and the mean
blood glucose in the control group showing a tendency to first
decrease and then mildly increase within 5 days after surgery. An
interaction effect between intervention and time was not found
(F = 0.558, P = 0.604; Figure 1).

The blood glucose fluctuations of the two groups at different
times after surgery were basically in a gradual and decreasing
trend in the intervention group, while the blood glucose
fluctuations in the control group were more variable. However,
no statistical difference was found between the two groups in
postoperative blood glucose fluctuations (F = 0.984, P = 0.326;
Figure 2).

DISCUSSION

In this subgroup analysis of an RCT, we compared the safety and
efficacy of high-energy EN with regular energy EN in children
with CCHD. The results show that early initiation of high-energy
nutrition does not increase gastrointestinal intolerance, while
also improving caloric attainment rate without increasing fluid
intake and improving nutritional outcomes and ICU outcomes
in CCHD infants.

FIGURE 2 | Postoperative blood glucose fluctuations between the two

groups. LAGE, largest amplitude of glycemic excursions.

Our study did not find a statistical difference in the incidence
of diarrhea and fecal occult blood between the two groups,
suggesting that critical postoperative infants with CHD can
tolerate high-energy nutrition. Two other studies with similar
results to the present study have also confirmed that high-energy
formula does not increase gastrointestinal adverse effects such as
vomiting and diarrhea in patients, nor cardiac, renal and hepatic
adverse effects (20, 21). Even if the patients in the study by Zhang
et al. (13) experienced a small amount of abdominal distention
and gastric retention, they could be relieved by gastroprokinetic
drugs without affecting the feeding process.

According to the guidelines, energy intake should not exceed
resting energy expenditure in critically ill children in the acute
phase. Therefore, in this study we defined caloric attainment as
the intake of energy up to 80% of REE. The results of the study
showed that patients in the intervention group had a higher
rate of caloric attainment without increasing fluid intake. In the
management of CHD, fluid intake usually needs to be controlled
to reduce multi-organ dysfunction caused by the fluid overload
(22, 23). However, inadequate intake is an important influencing
factor of postoperative malnutrition, leading to a high prevalence
of postoperative malnutrition in CHD. Faced with such a
paradox, high-energy milk powder has a significant advantage.
The high-energy milk powder used in the experimental group
had an energy density of 100 kcal/100ml, which was on average
25.5 kcal/100ml higher than that of the control group, and it
could provide more calories and protein for patients with the
same amount of fluid intake, which facilitated the improvement
of malnutrition in patients.

Nutritional assessment includes dietary history,
anthropometry, functional status, and physical examination
with a nutritional focus (11). Anthropometric measurements
have the advantage of being easy to perform and non-invasive.
In this study, we measured biceps circumference and triceps
skinfold thickness at patient discharge to reflect short-term
nutritional status. The results showed that patients in the
high-energy nutrition group had greater biceps circumference
and triceps skinfold thickness at discharge than the control

Frontiers in Pediatrics | www.frontiersin.org 4 July 2022 | Volume 10 | Article 869415

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Ni et al. High-Energy EN in Complex CHD

group, suggesting that high-energy nutrition is more beneficial
than regular nutrition in improving malnutrition. There
is a significant correlation between nutritional status and
the prognosis of critically ill children (24, 25), which was
mainly reflected in this study by shorter duration of mechanical
ventilation and lower incidence of pneumonia in the intervention
group. This is because earlier extubation prevents pneumonia
(26); it is also possible that children with poor nutritional status
have a poor inflammatory response and are therefore more
susceptible to pneumonia, as other studies have confirmed
(27, 28). However, the findings on whether high-energy nutrition
shortens the length of hospital stay have not been uniform. Some
studies found that high-energy nutrition shortens the length of
hospital stay (12, 29), while some studies, in agreement with the
results of the present study, did not find any difference in the
length of ICU stay or postoperative hospital stay between the
intervention and control groups (13). Since all infants in this
study had complex CHD and were young, for safety reasons, the
intervention group needed to adjust and observe the function of
other organs and systems after extubation, such as the heart and
kidneys, until they were stabilized and then transferred out of the
ICU. Therefore, there was no significant difference between the
two groups in terms of ICU stay.

Blood glucose fluctuations have a significant correlation
with the prognosis of critically ill patients, and mortality is
higher in patients with high blood glucose fluctuations (30).
Although high-energy nutrition contains more protein, fat
and carbohydrates, there was no difference in blood glucose
fluctuations between the two groups of patients in this study.
We also observed essentially similar trends in glycemic changes
in both groups, with the highest on the postoperative day
and a gradual decline thereafter. This trend may be related to
hyperglycemia caused by stress response (31). Patients had the
highest stress response on the postoperative day and therefore
had the highest blood glucose. This phenomenon indicates that
high energy nutrition did not cause fluctuations in the condition
of the patients, which may reflect the safety of high energy
nutrition. Interestingly, we also found that the blood glucose in
the intervention group was always closer to the normal range
than in the control group, and there was a slight increase in blood
glucose in the control group starting on postoperative day 4 and
gradually rising above the normal value. Further studies could be
done in the future to investigate the underlying mechanism of
this phenomenon.

A limitation of this study is that the population studied
are generally not the most at-risk children with CHD and
malnutrition, which are neonates or younger infants, making
the results may not be applicable to all patients. Then, it is
worth noting that this study did not stratify patients according
to underlying disease, surgical events, or nutritional status, which
could lead to selection bias. In addition, we did not compare the
nitrogen balance of the two groups. Finally, due to the limitations

of the conditions, indirect calorimetry was not used to measure
the REE of each patient, but the formula recommended by the
guidelines was used to estimate the REE, which may have some
influence on the accuracy of energy estimation.

In conclusion, our study shows that early administration of
high-energy EN was safe and effective in complex CHD infants
(RACHS-1 ≥3). Low doses high-energy EN did not increase
gastrointestinal complications and also improved calorie intake,
protein intake and the caloric attainment rate. In addition,
high-energy EN improved the nutritional status of patients at
hospital discharge and may be associated with shorter duration
of mechanical ventilation and a lower incidence of pneumonia.
In terms of blood glucose, the effects of high-energy EN
interventions and regular EN interventions were similar, and this
similar effect was mainly reflected in mean blood glucose and
blood glucose fluctuations.
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